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We, Wbsthtohottsb T&ubotebxo Tsrm- 
VAXxmxL Oompaut, of 40, Wall Street. 
Wew York 6, State of New York, United 
States of America, a Corporation 
organised and existing under the Lavs of 
the State of Delaware, in said United 
States of America, do hereby declare the 
nature of this invention and in what 
manner the same is to he performed, to 
he particularly described and ascertained 
in and by the following statement: — 

In electrostatic gas-purifying duet- 
precipitatora of a type in which one 
electrode discharges toward a second 
electrode for producing charged matter 
of essentially one potential polarity in 
the space between the electrodes, an 
objectionable phenomenon known as 
" back-ionmtion " sometimes occurs 
which, decreases the gas-cleaning 
efficiency of the dnst-preoipitator ami 
increases its power consumption. Back- 
ionization is very likely to occur if the 
gas being cleaned is hot and dry as it 
passes the electrodes or if the foreign 
particulate matter it . contains is of com* 
paratrvely high electrical resistivity. 
The former condition is usually met 
with in the cleaning of industrial gases, 
such as, for example, flue gas from boilers 
burning powdered coal; and the latter 
condition is frequently found in the 
cleaning of air. Should back-ionization 
occur in air-cleaning dust-precipitators 
of a type Buch as described in the Speci- 
fication of Letters Patent Ho. 476,443, it 
could be a source of objectionable ozone, 
and could cause vibration and breaking 
of ionizing wires. 

Various schemes have been proposed 
and used for minimising .back-ionisation 
and discouraging the probability of its 
occurring. One way for discouraging 
back-ionization is to treat the gases 
before they enter the electrostatic dust- 
precipitator, usually in order to control 
the reaistivifa^ of . the precipitated 



particles or to control the temperature 
and humidity of the gas. For con- 
venience reference will hereinafter be 60 
made to the particles electrostatically 
removable from a gas as dust or the like. 

In most of the expedients hitherto 
used to discourage back-ionization it is 
necessary either to provide heat exchange 66 
equipment for extracting heat from the 
gas, or to introduce a liquid directly into 
the gas, or to expose the gas to contact 
with a foreign ^liquid. The- use of heat 
exchange equipment may have the 60 
advantage of recovering some of the hea^ 
in hot gases, but the equipment usually 
becomes too bulky and expensive if it is 
to reduce the temperature of the gases to 
a point where a worthwhile gain is 66 
obtained in cleaning efficiency by reduc- 
tion of back-ionisation. * The introduc- 
tion of liquid into .the gases is fre- 
qaently objectionable because it increases 
the chances of corrosion of the equipment 70 
through which the gas passes, and also 
may increase the potency of the obnoxious 
chemical constituents of the gas. 
Additionally, from a practical viewpoint 
nozzles .used to introduce the spray clog 76 
easily, destroying the fineness of the 
spray so that large drops result which do 
not completely evaporate. 

The chief object of the present inven- 
tion is to provide an improved simple and 80 
efficient means and method of electrically - 
precipitating dust from hot, dry gases or 
from gases, such as atmospheric air, 
having dust particles of high electrical 
resistivity, in which back-ionization is 85 



A ^further object of the invention is to 
provide means and methods for electri- 
cally precipitating dust from gas, which 
substantially, avoid back-ionization but 90 
without the use of large, or expensive 
equipment, and .without introducing 
foreign matter .into the. gas. 
With the above objects in view, the 
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ttvontion resides in a method of electro- 
statically precipitating dust or the like 
torn a gasT> 7 passing the gas successively 
through an lomzmg zone and a precipi- 

SS&Tf* ^ erein ionizing zone is 
ronstatnted by an electrostatic field 
established between spaced discharging 
and non^isch^gu.g electrodes, saiHon? 
m t n el ^ c ^ ode OT electrodes being 

10 holloa and cooled to a temperature below 

o^Ll fl • j ^ ? nd< ? treatment, by a 

nw3 ? 8! » ftro ?« l1 said hollow 
electrode or electrodes and out of contact 
TOtttha gaa under treatment, thereby to 

SaciTo^tior 1 ^ ** ° CCtoeD - <* 

taon resides in elecfeostatio dust precipi- 
9/» fcv B PP a ? atns having an roniring 
fe" 1 u* P«cipiS«on chamber^ 
for ~£5?f . cllamber comprising meaM 
tiELs^^ij?* m ok^ostafic field 
toeran, including spaced discharging and 

2ft ^^f~'T n £-5 lectrode ?' eaidSdie- 
Sr^jW 0r electa)d « being 
tbTVrt 000164 *V temporaturo belo# 
that of the gas under treatment bv a 
cooling fluid Pacing through said hollow 

™ i«hflf a ° r and out of contact 

30 with the gas under treatment, thereby to 

JSSSLZST^ tU —-of 
Lb order that the invention may be 
^L/- le f ™derstood and readily 
Sfi^t° £ffect ' »*erence *A1 now be 
whfch*-- a<5com P an y i "ff drawings, in 

.J^i. 1 fa a Partial horizontal sectional 
4n an equipment embodying 

40 tie present invention; ^ 

linJ^^P?^^ ^ 
Fig. 4 is a simplified wiring dingram 

JL^^f 8 ^ datively insuK 
decodes of a dnstprecipitation means; 

*ig. 6 is a view, similar to Fi» 2 nt „ 
modified form of invention! 

aurve showing a relation-" 
slup of tube-temperature (abscissa) to 
total I ^current (ordinates) for in- 
dicating the effect, under certain 
« "^W^ditipns, of thotemperaSre 

type on back-ionizotion; • - 
»17^'J ^A^fT 6 ^"^ng the maximum 
allowable tube-temperature (ordinates) in 
an equipment for cleaning air at various 

.mE* * 8 ii! P. 01 ^ 1 Tiew of **o abutting 
aides of two ionizing unite of modified 

66 ^ b f ^;^ dectr ^«odturt,precipit a tor 
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* n , ^.drawing, there is shown equip- 
ment, which is useful for electrmX 
chanrog atmospheric air having TeS 
dj^- concentrations, such equipment 

SS? A*f *P alZ tbe 70 
fc." disclosed m the aforesaid K,tent 
Specification No. 475.443. However it 

nf^r^K^d^l 

ithmited to the deanSg 0 f atmospTerle 

Beferring to the drawing, the dn-.t. 
precipitntion equipment. 3own as cTm- 80 

52- fl0T 5* Seated bv the 

arrowy in a gas duct represented- by a 

The ionizing means A comprises i ^ 
rectangular metallic frame 2 comrfsW 
of opposite outer side*! "and S 

. ^ plurality of alternately relativelv 
cSm* 2"**"^ efectaodS are 
fcTw 1I ! S,de he J rnIue 2 for estnblish- 
3? ionizing electrostatic fields through 
which gas flowing through the frame 105 
KJ/ 88, relativery uninsulated 

^cc^des comprise a series of equal? 

h ™°Z eW^ed open-ende.1 
memboa 20 22 24 and 26. Theliem- 
bers 22 and 24 are cylindrical tubes 110 

members 20 and 26 axe™! 
cylindrical I tubes with their lengtffi, 
Sas-tightly secured to the wallTl 
?n t 6 ?'*oframe 2. The waHs W and 

llZ Jll headers \ 2 and 14 »as-«ghtIyU6 
o f the various tub? 

introduced into the delivery or inlet 
header 12. through an inlet pipe 28. will ' 
flow through the tubular members20 S ion 
S r 1 / 6 1^ 11 * 0 fte receiving or'oS 
W J rad «i 4 ^^ence it is inducted 
by «a outlet pipe 30. and thereafter d^ 
v£H f r^^atod as desired. In 
" ff*. ' ^ oe observed that the 125 
inlet pipe 28 passes through the waU C of 
the garnet, and the pipe 30 may 
snniWly^e outofthmwnU Apum? 

unit liqili ! thl ?^ h » *oX? 

unit 34 which may be a heat-exchongerT 180 
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a refrigerating unit or similar device and 
then into the inlet pipe 28. 

A plurality of fine wires 36 are 
iasulatedly supported centrally in each 
o space in the frame 2, between adjacent 
tabes or tubular members 20, 22, 24 and 
26. To this end, a bar 38 may be 
carried by the sides 4 and 6 of the frame 
2 and insulators 40 secured to the bar 38 
10 for iasulatedly carrying a bar-structure 
42 haying arms 44 extending toward the 
tubular members. The wires 36 may be 
strung between these arms in a manner 
known in the art. 

Generally, the tubular members 20, 22, 
24 and 26 have relatively large curvature 
with respect to the wires 3d which, are- 
relatively fine and insulated with respect 
to the tubular members. By connecting 
20 a suitable voltage between the relatively 
insulated members and the wires, gas* 
borne dust particles inside the frame 2 
are ionized. Consequently, the wires are 
recognised as a form of ionizing or dis- 
>J>5 charging wires or electrodes and the 
tubular members as a form of ground, or 
non-discharging electrodes. Since dust 
r collects on the latter, they may also be 
" called duBt-collecting or precipitating 
w electrodes. A simplified circuit for 
oppositely charging the different elec- 
trodes is shown in Figure 4 where the 
wires 36 are connected to one terminal, 
preferably .the positive terminal, of a 
35 source 3) of high direct-current voltage. 
The other terminal of this source is con- 
nected to tubular members 20,* 22, 24 and 
26 either directly or through grounded 
connections which may include the frame 
40 2 and gas-duct wall 0. 

In general, for air cleaning, the wires 
36 should have a diameter of 32 mils, or 
less, and in practice wire-diameters of 
from 10 down to 3 mils, are frequently 
45 nsed. For cleaning industrial gases, the 
wires can be larger. The non-discharging 
electrodes are usually made from a 
material which will not deteriorate in the 
gas being treated. Aluminium ' and 
coated iron are satisfactory in the clean- 
ing of ordinary atmospheric air which is 
not too humid. For more corrosive 
gases, stainless steels can be used. For 
air cleaning with comparatively low 
voltages, for example about 12,000 volts, 
an outer diameter of 1J inches for the 
non-discharging electrodes is satisfactory 
when spaced about the same distance 
from the discharging electrodes. 

The dust-precipitating means B com- 
prises a plurality of alternately relatively 
insulated and uninsulated plates 46 and 
48, respectively; the adjacent plates 
being oppositely electrically charged so 
as to constitute non-discharging dust- 
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collecting or precipitating electrodes. 

Fig. 5 shows a modified form of 
ionizing means in which headers 50 and 
52 are provided having partition w alla 54 
and 56, respectively, so that water enter- 70 
ing through the inlet pipe 58 will pass 
through two non-discharging electrodes 
in paraUel, before leaving through the 
outlet pipe 60. Obviously, any land of 
tortuous path may be provided for the 75 
cooling water traversing the various 
hollow non-discharging electrodes. 

The non-discharging electrodes of Fig. 
5 are also provided with scraping mem- 
bers comprising substantially complete 80 
rings 62 for the central non-discharging 
electrodes 64 and half-rings 66 for the 
end electrodes 68 which are against the 
walls of the frame. These ring members 
rest on, or are close to, the surface* of the 85 
electrodes and can be reciprocated by any 
suitable reciprocating mechanism which 
includes connecting rods 70. In Fig. 5 
the rods 70 are shown for clarity in the 
space between the onporitely-charged 90 
electrodes, but in practice it is preferred 
to put them in front or back of the 
electrodes shown in Fig. 5, that is, 
rotated 80° from the position shown, so 
as to be away from' the ionized spaoe. 95 

When the precipitating or non-dis- 
charging electrodes are cooled sufficiently, 
back-ionization which would otherwise 
occur if the electrodes were not cooled, is 
eliminated. jqq 

Fig. 6 shows results obtained in a test 
with an ionizing means having a thin- 
walled brass tube of -If inches outer 
diameter and spaced 1J inches from a 
wire of 3.3 mils. The apparatus was 106 
tested with air containing silica dust 
from gold mines of South Africa, the dust 
£? ing i°* * vhich produces silicosis. 
It ib known that the total current flow- 
ing to the wire is an indication or no 
measure of the back-ionization. The data 
for Fig. 6 was obtained by passing air 
having a temperature of 59° 0. and a 
dew point of —6*' 0. through the 
ionizing means with a fired voltage lis 
across the positively-charged discharging 
wire and the non-discharging tube which 
had a thin layer of dust on it, the layer 
being tW inch thick or somewhat less. In 
the test the surface temperature of the ion 
npnrdiomarging tube was varied. Three 
different runs were made with voltages of 
10.85 K.V., U.9.X.Y. and 12.9XV. 
across the eleotrodes. It will be observed 
that, for all three voltage conditions, the 125 
current in microamperes from the wire 
(ordinates) did "not increase until the 
TObe-temperature in degrees Centigrade 



abscissas) exceeded a oertain value, 
lepending on the voltage; "When the 
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tube-temperature was raised above this 
value, the current noticeably increased, 
indicating a fairly sharp increase in back- 
ionization* This turning point appears to 
5 be the temperature at or below which the 
tube-surface should be kept, under the 
particular conditions, for operation 
without noticeable back-ionization. After 
back-ionization started, it increased for 
10 some time as ihe tube temperature was 
increased, but at a more rapid rate at the 
higher voltages. 

Experimentally, it is difficult to 
ascertain an exact temperature at which 
16 back-ionization starts, but the curves 
indicate that a short temperature range of 
about 5 — 10 degrees includes whatever 
exact point there might be at which back- 
ionization begins to become noticeable, 
20 This point appears to be lowered as the 
voltage between the electrodes is raised. 
Thus at 12.9 kflovolts it is about 5" C. 
and at 10.85 Hlovolts it is about 15* C. 
These values are about 15 to 20 Centi- 
26 grade degrees above the dew point of the 
air, but less than the 59° C. tempera- 
ture of the flowing air-stream. 

The dew point of the gas being 
cleaned also has an important bearing on 
30 the maximum allowable temperature- 
point or the temperature range where 
noticeable back-ionization begins. Kg. 7 
shows results of a test on this variable in 
the ionizing means used to obtain the 
35 curves of Kg. 6. 

In Kg. *7,'the' ordinates are the 
maximum' allowable temperatures in 
degrees Centigrade as could * be best 
judged, and the abscissae are the dew 
40 points of the test air where the ionizing 
means was operated with a direct current 
voltage of 12.9 K.Y. across the non-dis- 
charging tube electrodes and the dis- 
charging wire-electrodes, the latter being 
45 positive. * * 
Apparently, the 'maximum' allowable 
temperature increases almost linearly 
with increased dew point but tends to 
level off at the High "dew points. This is 
5Q to be expected because it is known that 
up to a certain point increased dew point 
decreases the "resistivity of the precipi- 
tated dust.' The 'spread between the 
maximum allowable temperature and the 
55 dew point appears to be greater at the 
higher dew point values. 

Size and spacing of the electrodes also 
effect the temperature to which the tube 
should* at least be cooled for obtaining the 
60 most desirable operating conditions. It 
is believed that anything which "increases 
the discharge from an ionizing electrode 
lowers tKe maximum temperature for 
ideal operation, other things being equal. 
86 The thickness of the precipitated dirt 



layer on the non-discharging tube- 
electrode also eeema to be a factor in 
back-ionization. Under some conditions, 
a thin layer seems to give greater back- 
ionizationj. than a heavier dirt layer. 70 
However, a heavier dirt layer decreases 
cleaning efficiency. The modification 
shown in Fig. 5 is provided with the 
scrapers in order to keep the non-dis- 
charging tube-electrodes clean, and to 75 
limit the thickness of the dirt layer 
which can be done because the tube* 
electrodes are kept cool. 

In onjr event, whatever ihe explanation 
of back-ionization, or the factors which 80 
affect it, keeping the temperature of the 
non-discharging electrodes below the bend 
of a curve such as shown in Fig. 6 has 
the effect of practically eliminating the 
back-ionization. 85 

Cooling the tubes of an embodiment 
such as that specifically described may be 
carried below the dew point of the gas, 
so that liQnid actually condenses on the 
tubes. The cooling may be carried so 9ft 
far that sufficient condensate forms which 
. runs down the tubes, carrying dirt with 
it. The result is a self-washing or self- 
cleaning arrangement. In such a case, it * 
is desirable, as shown in Fig. 8, to slope 95 
•the lower inner wall 80 of the frame and 
to provide it with a trough 82 for 
receiving the dirt-carrying liquid. 

Fig. 8 ' also shows a way of passing 
cooling water from one ionizing means 100 
to anbther by a short piping connection 
84 extending from the outlet header- 
portion of one unit to an inlet header- 
portion of the other. 

Having now particularly described and 105 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is: — 

^ 1. A method of electrostatically pre- u n 
cipitatangf dust or the like from a gas by 
passing the gas successively through an 
ionising zone and a precipitating zone, 
wherein the ionizing zone is constitnteil 
by an electrostatic" field established 115 
between spaced discharging and non- 
discharging electrodes, said non-dis- 
charging electrode or electrodes being 
hollow' and cooled to a temperature 
below that of the gas under treatment, by i%q 
a cooling fluid passing through said 
hollow electrode or electrodes and out of 
contact with the gas under treatment, 
thereby to prevent 'or minimise the 
occurrence of back-ionization. 125 

' 2.' The method as claimed in claim' 1. 
wherein the or each* non-discharging 
electrode is cooled to a temperature below 
the dew point of the gas under .treatment'. 
3. The' method as claimed in claim 1 130 
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or 2, including the step of periodically 
eoraping collected dust from tie exposed 
surfaces of the said electrodes* 

4. Electrostatic dust precipitation 
6 apparatus having an ionizing chamber 

and ^ a precipitation chamber, said 
ionizing chamber comprising means for 
establishing an electrostatic field therein, 
including spaced discharging and non- 
10 discharging electrodes, said non-dis- 
charging electrode or electrodes being 
hollow and cooled to a temperature below 
that of the gas under treatment, by a 
cooling fluid passing through said hollow 
15 electrode or electrodes and out of contact 
with the gas under treatment, thereby to 
prevent or minimise the occurrence of 
back-ionization. 

5. Apparatus as claimed in claim 4, 
20 wherein the said field establishing means 

comprise said plurality of hollow metal 
electrodes of relatively large surface and 
a plurality of relatively fine electrodes in 
^ spaced discharging relation to «aid hollow 
25 electrodes and including means for 
causing the flow of said cooling liquid 
through said hollow electrodes. 

6. Apparatus as claimed in claim 4 or 



5, including refrigerating means for 
cooling the cooling liquid prior to its 30 
passage through the hollow electrodes. 

7. Apparatus as claimed in claim 4, 5 
or 6, wherein said plurality of hollow 
electrodes extends between spaced 
headers. 35 

8. Apparatus as claimed in any of the 
preceding claims 4 * to 7 inclusive, 
including scraper means for removing 
collected dust from the exposed surfaces 

of said hollow electrodes. 40 

9. Methods of electrostatically precipi- 
tating dust or the like from a gas sub- 
stantially as hereinbefore described with 
reference to Figs. 6 and 7 of the accom- 
panying drawings. 45 

10. Electrostatic dust precipitation 
apparatus substantially as hereinbefore 
described with reference to Pigs. 1, 2 and 
3 with or without the modifications 
shown in Pig. 5 or Pig. 8 of the accom- 50 
panying drawings. 

Dated the 9th day of October, 1947. 
G. RAY&Kttrf) SHEPHERD, 
Chartered Patent Agent. 
1—3, Regent Street, London, S.W.I, 
Agent for the Applicants. 
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